SUMMARY Twelve subjects without clinical or hemodynamic heart failure, admitted for a first untreated anterior transmural myocardial infarction, were evaluated within the first 24 hours after the onset of symptoms. Pulmonary angiography was performed while a right ventricular extrastimulus was delivered every fourth beat at 50% of the RR interval to systematically analyze the basal and the postextrasystolic left ventricular frames. Left ventriculograms were quantitatively processed to determine the ejection fraction (EF) and the percentage of the end-diastolic circumference showing hypokinetic (%HK) or akinetic (%AK) areas. Left ventricular angiography was performed 1 month later in all cases at the same paced atrial heart rate to compare this final angiogram to the basal and the electrically induced postextrasystolic initial beats. During the 1-month period of the study none of these subjects had complications such as recurrent chest pain, heart failure or rhythm disturbances, and no drug administration was necessary.
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Comparing the basal cycle of the initial angiogram and the final cycle, a poor correlation was found between the corresponding values of EF (r = 0.34), %HK (r = 0.38) and %AK (r = 0.48). The correlations were much better when a comparison was made between the postextrasystolic cycle of the initial angiogram and the final cycle (EF, r = 0.84; %HK, r = 0.96; %AK, r = 0.95).
These results indicate that, from the first day after a TMI, the analysis of the postextrasystolic frame allows accurate estimation of the final left ventricular function and regional wall motion abnormalities. Postextrasystolic potentiation may be useful in the acute state of transmural infarction to discriminate potentially reversible ischemic from definitely jeopardized areas.
HEMODYNAMIC PATTERNS of transmural myocardial infarction (TMI) have been extensively evaluated. Most studies only take into account cardiac output and capillary wedge pressure. This approach is useful for recognizing high-risk patients,' especially using multivariate analysis.2 Although overall and regional wall motion in acute TMI have been evaluated,391 the information is far from complete.
Most studies define the acute state of TMI too broadly, i.e., from the first days to the first month after the clinical onset of symptoms. 3 The early evaluation of ejection fraction and extent of akinetic areas do not give reliable information about the possible early detection of residual myocardial function. Postextrasystolic potentiation (PEP) is effective in detecting residual potential contractile function in stable coronary artery disease,'0 but this has not been evaluated in man during the acute state of TMI.
The aim of our study was to quantitate, using computerized angiographic data, overall and regional left ventricular (LV) function and wall motion in the very acute (< 24 The patients were hospitalized for 1 month. During this period the only drug they received was i.v. heparin. If an additional drug administration was necessary (for example, antiarrhythmic drugs or f3-blocking agents for recurrent pain), the subject was excluded from the study.
After 1 month, a final hemodynamic investigation was carried out, including right-and left-heart catheterization, LV angiography (60-ml injection over 3 seconds in the 300 RAO position), and coronary cineangiography. During LV angiography, right atrial stimulation was performed to drive the heart at the same rate (± 3 beats/min) as during initial angiography. This was done to compare the initial and final angiograms at the same atrial heart rate.
Technical Data Evaluation
End-diastolic and end-systolic LV frames were selected from the film cinemarkers and digitized from a 35-mm Vanguard projector using a sonic Graf pen (SAC) interfaced with a specially programmed 64K octets HP 9845-B calculator.'3 LV volumes were calculated using Simpson's integration method'4 as the sum of adjacent 1-mm high slices parallel to the aortic base. The end-diastolic longitudinal axis is drawn from the apex to divide the end-diastolic frame into two equal areas ± 0.1 cm2 ( fig. 1 ). The longitudinal end-systolic axis is determined using Leighton's method adapted for computer processing.'5 Briefly, the end-systolic longitudinal axis is drawn from the end-systolic apex to the intersection of the end-systolic aortic base and the end-diastolic longitudinal axis. Both end-diastolic and end-systolic longitudinal axes are aligned.'6 The regional wall motion is evaluated for each point of the end-systolic frame (each mm) as the BC/AC X 100 ( fig. 1) Wall stiffness is expressed by the slope k (dimensionless) of the linear relationship d /dE =' k tT + c, where and a and E represent the corresponding diastolic stress and strain, using Mirsky's equation for an ellipsoidal model and assuming a constant intersect c parameter.'9 The calculations are done using the enddiastolic volume, mean CWP and the angiographically determined end-diastolic free wall thickness (hD). The normal range (95% confidence interval) in our laboratory for a is 15-32 X 10-3 ml and for k is 14-17%.
Enzymatic infarct size is determined by the method proposed by Shell et al. 20 and modified by Norris et al.2' to compute the individual monoexponential disappearance rate constant using the values of CK-MB determined from the blood samples every 3 hours during the first 72 hours. Enzymatic infarct weight (EIW) is expressed in g-Eq. EIW is normalized for the LV mass determined from the basal cycle of the initial angiogram using the end-diastolic free wall thickness value and the end-diastolic internal dimensions by Rackley's method.22 Enzymatic infarct size (EIS) is expressed as a percentage of the LV mass.
Patients
Twelve patients were studied. On the initial angiogram, all had basal and postextrasystolic cycles of good technical quality. For the final LV angiogram, only the first three cyles were analyzed to avoid the direct influence of contrast medium,23 excluding extrasystolic or postextrasystolic cycles.
All angiograms were separately digitized by two experienced observers, and reexamined in the case of values showing more than 10% discrepancy between any computer result. Tables 1 and 2 show results of the initial and final calculations. For the initial examination, systolic arterial pressure, mean arterial pressure, cardiac index and stroke index were in the normal range. Heart rate was 82 t 21 beats/min (mean i SD), CWP was 9.0 ± 3.8 mm Hg, and end-diastolic volume was (1 12 ± 17 ml/m2 (normal 55-105 ml/m2), all slightly increased; EF was substantially decreased, to 42 ± 8% (normal 60-73%). The %HK was 43 i 18% and %AK was 24 i 14%, but k was increased, to 18.7 ± 4.7% (normal 14-17%). EIW was 20 ± 18 g-Eq and normalized infarct size was 16 + 10% of the LV mass. Individual values are listed in table 1.
Results
The comparison between initial (basal cycle) and final states for each subject was performed using paired t tests (table 3) . There was no significant variation of cardiac index, 'stroke index or end-diastolic volume; heart rate was the same because of final atrial pacing. Before the atrial pacing, final heart rate was significantly lower (73 ± 18'; p < 0.05). CWP decreased 26%, %HK decreased 17%, and %AK decreased 32%. Ejection fraction increased 5% ( fig. 2) . These variations did not reach a significant level. Compliance parameters a and k were reduced 15% cle (no. 3). A poor correlation was found between EF1 and 19%,' respectively, but only k was significantly and EF3 (r = 0.34), %HKI and %HK3 (r = 0.38), and reduced (p < 0.05). Systolic and mean arterial pres-%AK, and %AK3 (r = 0.48). The correlation was sures were both'significantly reduced (15% and 10%, greatly improved when the comparison was made respectively, p < 0.05).
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10. Despite the invasive nature of angiographic procedures, we chose this method because twodimensional echocardiographyl' or nuclear imaging27 are not as reliable for computerized quantitative regional wall motion processing, and these methods require validation against accepted standards. The ability of computerized angiography to detect regional wall motion abnormalities as sensitive and specific markers of acute ischemia was recently established by Tzivoni et al.28 using closed-chest dog preparations.
To limit the risk of LV angiography in the first hours of a TMI, pulmonary angiography was performed because it is known" to have a very low risk when pulmonary artery pressure is low. (This was an inclusion criterion for our subjects.) Only the levophase of high-quality pulmonary angiograms was used, including a basal and postextrasystolic cycle valid for quantitative processing. In our experience, left ventriculograms from right-and left-sided injections are strongly correlated: the correlation coefficients in our laboratory for the end-diastolic volume and for the EF between these two angiographic techniques are 0.92 and 0.90, respectively, from angiograms of 20 The aim of this study was to evaluate the changes in hemodynamics and oxygen consumption after high doses of i.v. morphine in critically ill patients. As all patients were mechanically ventilated, the changes in intravascular and transmural cardiac filling pressures were compared.
Methods

Patients
Twenty-four acutely ill patients being treated in the intensive care unit were selected according to the following criteria: absence of known cardiac disease, presence of sinus rhythm and stable hemodynamic condition without evident hypovolemia; absence of cardiotonic or antiarrhythmic drugs; absence of morphine or sedative drugs in the 24 hours before the study; insertion of arterial and Swan-Ganz catheters within the preceding 3 days as an integral part of patient's care; adaptation to the respirator; and absence of acute sepsis.
All patients were studied when the most acute phase of the disease had passed (2-5 days) and they were hemodynamically and metabolically stable. After the study, all received continuous i.v. infusion of morphine for 2-23 days. Most of the patients were ventilated with usual tidal volumes (8-9 ml/kg). Nine patients (nos. 3, 4, 9-11, 16, 18, 19 and 22) received larger tidal volumes (10-15 ml/kg) to enhance adaptation to the respirator. Eighteen patients were ventilated with intermittent positive pressure and a 5-cm
